The effect of a non-zero vacuum gluon-condensate on heavy LBL-11551 quarkonia is discussed. As a function of the quark mass, it is determined which low lying levels of the spectrum are dominated by the one-gluon-exchange potential.
a picture of non-relativistic heavy quarks whose interactions should be adequately described by potential models. In QCD, due to asymptotic freedom, it is well known that the short distance part of the potential is dominated by one gluon exchange, giving rise to a calculable 1/R potential. For the long-distance part of the interaction, various phenomenological potentials have _been postulated that reproduce the observed heavy hadronic spectrum. One of the hopes is that for very heavy quarks the bound state radius will be of a size that only samples the known short-distance part of the potential, allowing unambiguous theoretical calculations. A crude back-of-the-envelope estimate of how massive the quarks must be to see only the "color coulomb interaction" is made by requiring that ·the coulomb-like binding energy is much greater than some hadronic energy scale asr mQ > 4 l GeV choosing the strong interaction scale parameter A to be ""500 MeV, and the effective coupling constant to be at the scale of the bound state Bohr radius yields mQ > 25 GeV.
It is now possible to determine more rigorously which low lying levels of the heavy quark bound state spectrum are dominantly (l) coulombic, as a function of the quark mass. The procedure will be to calculate the non-perturbative power corrections to the 1/R potential for large quark masses where these power corrections are small, and then de·termine how small the quark masses can become before the state [2] . The well known result gives the first term in an operator product expansion 
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We can now rewrite eq. 3 as ( To determine how this long wavelength "vacuum gluon-condensate" affects the bound state Ha~iltonian, we will calculate the bound state propagator of the QQ system as illustrated by Fig. 3. ( We are now in a position to determine when the coulombic approximation is a valid one for a given quark mass, and a specified energy level. First note that the "magnetic" term proportional to (9b) < <P!r[<i> > is always much less than the "electric" term proportional to If, for example, we decided that R < .2 implies a reasonable coulomb dominance, the ls level would be coulombic for mQ > 10 GeV, the 2P levels for mQ >50 GeV, the 2S level for mQ > 60 GeV, etc.
To estimate the accuracy of these predictions, we must address two points. The first is a guess of the size of the contribution from higher dimensional operators in the operator product expansion. Thus we see that one-gluon-exchange dominance occurs for quark masses substantially larger than present energies. This is as expected from the simple estimate of eq. l, but our new estimates are much more quantitative with a firm theoretical founda·tion. 
